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Abstract

A versatile electromagnetic Iovitator (VL1 ) for ground-lmsed  experiments is under
development at the Jet F’repulsion 1 aboratory. 1 ho VEIL has two independent
coils (one is for levitation anti the other is for Ileating) which m? advantageous for
precise positioning and temperature control of a sample. 1 he levitator can be
operated in a vacuum of 10-T torr as well as in an inert gas, which may be used
for quenching purposes. 7 hc planned applications of the VI 1. include the total
radiance measurement by a blackbody  bolometer, the spectra emissivity
measurement by an advanced division of the amplitude polarimctric  pyrometer,
the specific heat n~oasurement  by means of AC, [X anti drop calorirnetries,  and
undcrcooling  anti solidification experiments.

1



;.’, .

Corltaii~erless tectlrlit]lles  t]avebeen corlsicjercdas  novel techniques forrmterial
processing on earth and in space beCEILJSC!  they  arc fr(?e from COntanlindiOn
originating from the container walls (l-5). Among the contain erless techniques,
tt]e ChCtrOnlagrldiC  k) VitatiOn tC!ChniqLIc  is par[icu[arly suitabic  fOr processing
metallic materials. l“he  advantages of elcctrornagnctic  levitation are its
capabilities to levitate a sample against gravity relatively easily and to heat the
sample simultaneously to I]igh temperatures in vacuum as well as in a gas
environment. The disadvantage is, obviously its incapability to levitate non-
conductive materials. At the Jet Propulsion 1 a.boratory  (JPL) NASA Center for
Containerless Microgravity  Research, WC! have been developing a versatile
electromagnetic levitator (VE1.) to provide engineers and scientists with an
opportunity to utilize the levitator for their experiments rather than building their
own. In this paper, we describe the features, the capabilities and the scheduled
applications of VEL.

Figure 1 depicts the schematic diagram of VE1 . 1 he heart of V[l. is a vacuum
chamber with four windows (one is on top and the others are at the side), two
electrical feedthroughs  and three motion foecjthroughs  (all arc not shown). 1 he
V[ L has some unique features which are separately dcscribcd  in the following
sub-sections.

l.wita~ion  and t{eating  Coils

[ igure 2 shows the side view of tt]o levitation and heating coils (1 he top view can
be seen in [-igurc 4). 1 he levitation coil has an inverted conical stlape which
possesses some advantages ov(!r a conventional conical shape (6). l“he
levitation coil is directly connected to a [ opel [IF generator (maximum output: 5
kW) operated at 250 kt {z. ‘1 he Ileating coil I]as a spiral stlapc (two turns) and is
placed at the spacing between the top and bottom turns of the levitation coil. “1 he
heating coil is connected to a general purpose function synthesizc!r  wtlosc output
is amplified by a linear power amplifier (F N! A-500, Gain: 60 d[l),  in order to
rnatctl the impedance between the amplifier and the coil wt]ose impedance is
very small, a coaxial step-c~own  transformer (shown in [ igurc 3) is inslallocj.  1 ho
primary coil is wound on a water-coolecj  ferrite core (15 turns) arlcj the scconciary
coil is the coaxial shell itself. 1 he capacitors connected in series are rated at
0.001 ~{[’. 1 he use of ttle general purpose function synthesizer  qllows us to
rllOCjUkilC? the power output, which may tx! required for CCrKiifI C!xpcrinlc!rlts.

‘1 he sample visibility from the side is generally poor in electromagnetic levitation
because of tile tight winding of tllc coil. We Ilave succe[!cjecj  in improving it with
tl]c present configuration of ttlc coils. ‘1 tle spacing between the Invitation coil and
Ileating  ccjil is approximately 4 mm, which is wicjc enou{gh to observe the major
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portion of the side view of the sample. An example of the side view of ttlc  sample
appears in figure 5.

Stability .Gontrol

A levitated sample is not stationary but acquirc!s  the oscillatory anti rotational
motions. lhe ckgrce  of the motions sc!erns  to be related to the sample geometry
and the induction field. It is known that a permanent magnet is a good velocity
damper of the motions (7). Figure 4 shows three magnets which are arranged in
a circle and separatccj  by 1200. F or each magnet, the top face is the north pole
and the bottom face is the south pole. 1 Ilus, tho magnetic field is parallel to the
axis of the levitation coil at tt)e sample position. l-he temperature rise of ttle
magnets due to ecjdy cwrrent hinting seems tolerable for most applicatic)ns.

~“emp~r.atllre.  Measurement

1 he sample temperature can be measured by an optical pyrometer which is
aimed at the sample through the top window. In [Figure 1, we also show an
advanced division of the amplitude polar imetric  pyrometer (DA f’f)) developed by
INI EI<SONICS for JP1 . 1 he [lAI’f ’ c~in measure the spectra ernissivity  and
utilize it for the temperature determination.

‘1 he attainable vacuum level is in tl]e 10-T torr range, which should be adequate
for most experiments, ‘1 he cl]arnber can k)e backfilled with a high purity inert gas.
An c)xygen  remover can be installecj  to remove tt]e residual oxygen in the gas. It
is possible to adopt a closed loop oxygen removal system developed at JP1 (8).
1 he system is based on a metal loaded zcorite or carbon molecular sieves as the
c)xygen  sortmnts.

‘1 he operational capabilities are strongly depencjcr-rt  on the configuration of the
levitation and heating coils. A sligtlt  change in the configuration drastically affects
tllc capabilities. 1 he capabilities also vary cjepending on the properties of the
sample such as the electrical concjuctivity. ‘1 ho following qualitative description of
tt]e capabilities is observecj  ciuring an [!xpcrirnent  with aluminum samples in an
Ar environment.

-Sample C,hoicc

With the current setting, V[ I can easily  levitate Al and Al based alloys because of
their low cjcnsity  and Iligh conciuctivity. It is possible to Icvitate Ni and F e
samples but the sample stability is not satisfactory. We arc working on this
problem in orckr  to enhance the levitation capability.
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figure 5 shows the side view of a liquid Al sample. 1 he sample is slowly rotating
at an undctcrmineci  velocity. We may claim that the sptwricity  of the sample is
better than that of the drop producecj  by ttlc conventional conical shape coil.

1 he power required for levitation is sufficient to melt a sampk of Al in vacuum. In
an Ar atmosphere, Ilcating by the levitation coil is not sufficient to melt the Al
sample; thus, we can melt and resolidify the sample by controlling the power to
the heating coil.

Sar!lph-skkim!
1 he magnets can stop oscillation and rotation of the solid sample, especially
when the sample shape is irregular. ‘I he magnets arc less effective for the liquid
sample. The rotation of the liquid sample considerably slows down when the
magnets are placed but it does not stop completely. 7 he liquid sample near the
melting point is more stable than that at higher temperatures. ‘1 his observation
indicates that the viscosity plays an important role in the stability of the Iic]uid
sample.

/MrJ!iatiQm

‘1 he V[.1 system is ciesigned  to accommodate a variety of experiments. If
necessary, it is possible to make minor modifications to accommodate specific
requirements. 1 he planned applications using tllc  system includes tllc following:

l’rofcssor  W. 1. Johnson :it ttlc California Institute of 1 cchnology  (Caltech) has
proposecj  to measure the total Ilcmispherical  ernissivily by means of a blackbody
bolomctcr.  1 his quantity is necessary for his experiment on the AC specific heat
n~casurerncnt  with the TE Mf’US facility scheduled to fly on tile Space Shuttle in
1994.  1 he basic idea of the bolomctcr  is to collect all of the radiation whict] can
be translated into ttle total tlemisphcrical  ermissivity  if tho sample geometry is
known. ‘1 ho bolorneter is unc~cr  fabrication at Caltech and will be mounted on the
top of the VFL. system. ‘1 he accuracy of the rncasurcmcnt  will strongly be
dcpcnc~cnt  on tt}e stability and sphericity of the sample.

f or radiomett-ic pyrometry, tile spectra cmissivity  must bo indcpenciently obtaineci
and provided for determining the sample temperature. [Ir. A. Abatalli  at JP[.  is
interested in order to determine ttlc cmissivitics  of various rnctals  and alloys to

4



J,.1. ‘

create a database for general USC. ‘1 ho [JA[’P system will be utilized for this
measurement.

Spwific t l-cat (.

I ovitation  of a liquid is an effective way to achieve a significant level of
undercooking because there is no contact with the container, which is usually a
highly active heterogeneous nucleation site for a solid. 1 ho specific heat of the
levitated undercooked liquid can be determined if it is measured by a noncontact
method. A drop calorimeter developod  at JP1. has been successfully utilized to
measure the specific heat of a undercook glass forming alloy (9). 1 his method
is time consuming and can only determine the specific heat inciirectly.  Alternative
calorimetric methods that measure the specific heat directly are noncontact AC
(1 O) and DC (thermal relaxation) calorimetry methods. We will explore the
feasibility of these methods using the VEL system

l-he surface tension of a levitated liquid drop can be determined by oscillating the
drop about its equilibrium shape (11 ). 1 he oscillation frequency can be related to
the surface tension according to [{ayleigh’s  law (1 2). An alternative method is
simply to spin the drop until it is bifurcated. 1 he bifurcation point has been
tl]eoretically  predicted to be 0.56 mo, where

(1)

is the fundamental axisymmetric  mode of ttle shape oscillation of a non-rotating
drop, o is the surface tension, p is the ciensity  and r is the radius of the spherical
drop (1 3). We have observed that the Icvitated sample naturally spins in an
accelerated manner and sometimes it eventually bifurcates. We may utilize this
pt~enomenon  to determine the bifurcation point. WC may also actively apply a
torc]uc? by generating a rotating magnetic field (1 4).

solidific~tiof]

f’rofessor J. t 1. l’erepmko at the University of Wisconsin has st~own that the
corr-elation between the onset cutmtic  spacing and the nucleation temperature of
lnSb-Sb (15) can be described by tllc eutcctic grclwth Il]eory  of Kurz and f ishcr
(16). 1 he theory is written as

A-Iz AW: (?)

where Al is the uncfcrcooling  at the ifltcrface,  k is tho spacing, v is the! interface
velocity and A and B are constants. ‘1 riv(!cii,  Magnin ancl Kurz have advanced tho
theory by taking  intO  account the solute trapping which might happen at high
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interface velocities (17). It is of interest to test these theories with other cutectic
alloys. We have chosen the AI-CU eutectic alloy which is suitable for the V[ 1
systcm.
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Captions:

[ igur[! 1. Schematic diagram of V[ 1.

l’igurc  ?, L(!vitation  and heating coils of V[l .

f igure 3. Coaxial step-down transformer for the heating coil.

[ igurc 4. [’ermanent  magnet assembly for motion damping.

I igure 5. Sicie  view of levitated molten Al.
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